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The hypothesis of a relationship between the so-called "'paradoxical" /2725*

sleep phase and learning phenomena [Newman (1), Feldman (2), Feinberg (3),

Bloch (4)] has received some experimental confirmations. In rats, the depriva-

tion of "paradoxical" sleep (SP) slows down acquisition of learning [Stern

(5)] or unfavorably affects its retention [Leconte (6)]. Reciprocally, the

acquisition of learning can be followed by an increase in the quantity of SP

[Lucero (7)]. This date has, nevertheless, a certain degree of ambiguity. On

one hand, the deprivation of SP can cause a total behavioral disturbance. On

the other hand, the modifications of the quantity of SP consequent to learning

can be attributed to factors which are only conditions or concomitants of

learning, e.g., electrical shocks repeated in the case of a defensive condi-

tioning, deprivation of food in the case of a conditioning with positive

reinforcement, expenditure of energy owing to an intensive training, etc.

We have therefore studied the relationships between paradoxical sleep and

learning according to a procedure avoiding direct interactions between these

two variables. Its principle was as follows. First, the percentages of para-

doxical sleep, "light" sleep and waking state were determined during the nyc-

themerall cycle for each rat of a uniform lot under constant conditions. These

measurements were then correlated with the performances in a learning stage

to which the same rats had been subjected.

Method.I We used 22 male rats of the Wistar strain, weighing 270 to 350 g

at the beginning of the experiment and coming from a uniform lot. According to

the customary techniques used for implanting electrodes, each subject had two

pairs of electrodes placed on the dura mater on each side of the median line,
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one at the bregma level and the other at the lambda level. A third pair of

electrodes allowed recording of the myogram of the muscles of the nape of the

neck.

After a period of recovery of less than a week, the subjects were subjected

to a first test of spontaneous activity lasting for a period of 30 minutes in an

actometer which selectively recorded the locomotor activity. This test took

place between 1200 and 1400 hours. The subjects were then placed in a recording

room whose mean temperature (24 ± 20 C) was comparable to that of the animal

center. The illumination cycle (0800 to 2000 hours) was identical in both

rooms. During a period of adjustment amounting to at least 24 hours, each /2726

subject was accustomed to wearing on his head the male part of the microconnec-

tor which was connected by wires to the recording apparatus. At the end of

this period, the electroencephalogram (EEG) and electromyogram (EMG) of the

muscles of the nape of the neck were recorded continuously for at least 48

hours.

Following this, the subject was allowed to readjust for 48 hours at the

animal center and subsequently subjected to a second test of spontaneous

activity under conditions identical to those of the first test, then to 10

sessions (one daily) of the bilateral version of the Mowrer-Miller test. The

parameters of this learning situation were the following: a luminous signal

(300 hours) came 5 seconds before an electrical stimulus of 1.0 mA and with a

maximum duration of 5 seconds. Each completely automated session took place

between 1200 and 1400 hours and induced 30 tests separated by a 30 second

fixed interval. The session was conducted in a soundproof cabin in which the

acoustic insulation was reinforced by a sound background formed by a white

noise 70 db above the humanlthreshold. The programming and recording apparatus

was located in an adjoining room from where the subjects could be observed by

means of closed-circuit television.

Findings.1 Five chief variables were considered: 1, the performances in

the test of activity (A); 2, the number of electrical shocks received during

learning (C); 3 to 5. Respectively the total duration, for 24 hours of para-

doxical sleep (SP), "light" sleep (SL) and waking state (E). The measurement

unit of these periods was the half-minute and they were expressed in percentage
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of 24 hours. In the majority of cases, these measurements were based on the

data collected the second day of recording. The states of paradoxical sleep,

light sleep and waking were identified from conventional EEG and EMG criteria

[Michel (8), Gottesman (9)]. We did not take into account the performances of

two subjects whose EEG and EMG recordings were poor in quality.

I. Correlations between the five main variables. Table I gives the value

of the correlationsbetween the A, C, SP, SL and E variables expressed by the

Bravais-Pearson r doefficient.

TABLE I.

A I
C -0,146 1
E -0,265 0,330 1
SL 0,219 -0,202 -0,934 1
SI' 0,335 . -0,242 0,179 -0,513 I

A C E SL SP

Commas indicateldecimal points.

The only significant correlations are those between the duration of para-

doxical sleep and that of slow sleep (r = -0.513, p < 0.01) and between the

duration of light sleep and that of the waking state (r = -0.934, p < 0.01).

II. Correlations between the main variables A and C and combinations made /2727

with variables SL, SP and E. One single significant correlation appears in

Table II which is the one connecting the number of shocks received to the

duration of paradoxical sleep/duration of waking state ratio (r = 0.383, p <

< 0.05). Figure 1 shows that the relative weakness of this correlation is

essentially owing to the performances of 2 subjects who clearly deviate, on the

left of the diagram, from those of the other subjects. For the latter, the

correlation reaches the value of -0.546, clearly significant (p < 0.01).

TABLE II

SP + L SP/SL '.: sP/L SP'/SP -+- SL E/SL E/SP -r SL E + SI'

A . 0,264 - 0,2 0 0,140 - 0,261 - 0,256 - 0,272 - 0,220

C .. -- 0,331 -0,165 -- 0,3831 -0,153 0,280 0,330 0,201

Commas indicate decimal points.
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Figure 2. Relationships Between the Duration of Paradoxical

Sleep X 100/Duration of Waking State Ratio During the Nyc-

themeral Cycle and the Number of Shocks Received During

Learning of an Avoidance Response.

Discussion. A negative correlation between the C and SP/E variables can

be interpreted as the sign of a direct relationship between the speed of

learning (inversely proportional to the number of shocks received) and the

duration of paradoxical sleep (duration of waking state ratio). It is clear

that such a correlation, even moderate, forms a powerful argument for the

hypothesis under consideration. Although one of the functions:;of paradoxical

sleep is the consolidation of the data received by the organism during the

waking state, this function should be significantly affected by interindividual

variations of the SP/E ratio. However, our findings can only provide this

interpretation with a limited significance: 1, the variables E, SP and SL /2728

only allow an approximate description of the different states of waking and

sleeping which can be characterized beginning from more specific criteria than

the ones we have used; 2, even when limited to these three variables, the

waking and sleeping states are a function of a number of factors which can, in

the same person, modify their relative value as,,well as making variable their

correlation with a learning routine; 3, finally, when these factors are con-

trolled, the complexity of the relationships between the E, SP, SL variables

and a learning routine can exceed the capability of elementary statistical
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techniques. The investigation of the main components of our findings according

to the methods of multivaried analysis will perhaps allow a more complete and

specific description of these relationships.
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